Letters

3D culture of Erdheim-Chester disease tissues unveils histiocyte metabolism as a new therapeutic target
Erdheim-Chester disease (ECD) is a rare non-Langerhans cell histiocytosis, characterised by tissue infiltration by foamy CD68 +
CD1a
− histiocytes. 1 The disease has pleomorphic clinical manifestations, including long bones and extraskeletal involvement, and may be life-threatening, particularly when heart and central nervous system are affected. 1 ECD histiocytes secrete proinflammatory cytokines 2 and carry activating mutations along the RAS-RAF-MEK-ERK protein kinase signalling pathway, most commonly the BRAF V600E oncogenic mutation. 3 4 Accordingly, patients with ECD have been treated with cytokine inhibitors, including infliximab, 1 5 and, more recently, with the BRAF V600E inhibitor vemurafenib. 6 The latter, however, induces sustained but partial clinical responses and recurrences on discontinuation, 6 underlining the need for more effective therapeutic strategies.
To identify the outcomes downstream constitutive ERK phosphorylation in ECD histiocytes and their response to small molecule-based inhibition, we performed three-dimensional (3D) culture of tissues from three BRAF V600E -mutated ECD patients in the RCCS bioreactor 7 (and online supplementary methods) in the presence/absence of vemurafenib or infliximab, used as control.
All patient samples maintained production of prototypical cytokines and chemokines 2 in bioreactor, thus validating this technology also for ECD; moreover, infliximab, and, to a lesser degree, vemurafenib, significantly decreased cyto-chemokines and soluble tumour necrosis factor (TNF) receptor (sTNF-R) levels (figure 1A), remarkably mirroring the downmodulation reported in treated patients 5 (and data not shown). Immunohistochemistry (IHC) on ECD tissues in bioreactor showed preserved viability, histoarchitecture and expression of histiocyte lineage and activation markers (figure 1B) for up to 6 days. Vemurafenib specifically targeted mutated ECD histiocytes, as demonstrated by decreased ERK phosphorylation, without affecting viability or persistence of CD68 + cells (figure 1B and online supplementary figure S1). Conversely, the drug decreased TNF-α production (figure 1B, f, f 1 ) paralleling the significantly reduced cytokine release in supernatants ( figure 1A) .
Cancer metabolism has gained renewed and growing interest, being reprogrammed glucose metabolism from oxidative phosphorylation to aerobic glycolysis and increased lactate production the best characterised metabolic phenotype. 8 Oncogenic BRAF affects glucose metabolism by multiple mechanisms, including upregulation of the glucose transporter Glut-1. 8 Glut-1 is also upregulated by hypoxia and inflammation in rheumatic and cardiovascular diseases. 9 Accordingly, a fraction of CD68 + ECD histiocytes expressed Glut-1, as shown by IHC (online supplementary figure S2A,B) and fluorescence-activated cell sorting analysis (online supplementary figure S2C) , and retained its expression in culture in bioreactor ( figure 1B,d) . Given the unique opportunity to assess tissue metabolism through metabolite determination in bioreactor supernatants, we determined lactate levels, which were increased, compared with basal levels and normal skin samples ( figure 1C) . Notably, vemurafenib downmodulated both Glut-1 expression ( figure 1B,d   1 ) and lactate production ( figure 1C) .
Altogether, we here demonstrate, as a proof of concept, that the bioreactor technology allows investigating ECD pathophysiology and response to drugs, thus overcoming the lack of cell lines and suitable animal models. Significantly, upregulated Glut-1 expression and lactate production, and its reversal on vemurafenib treatment, delineate aerobic glycolysis as a novel BRAF-driven feature of ECD histiocytes. Since Glut-1 is the transporter for the radiotracer of 18 F-fluorodeoxyglucose (FDG-PET), these data may provide the molecular basis for the well-known efficacy of the technique in monitoring response to therapy in ECD. 1 Although not proliferating, 2 ECD histiocytes may experience increased energy requirement for the production of immune mediators, as for inflammatory macrophages. In bioreactor, vemurafenib decreased their cytokine/chemokine release, conceivably because of impaired metabolism, but not their viability, at variance with other BRAF-mutated tumours. The outcome of vemurafenib treatment in ECD histiocytes may depend on the activation of adaptive responses to energy deprivation, including autophagy, or, conversely, on detrimental features (hypoxia, acidosis, limited nutrients availability) of the native microenvironment, possibly overcome by our culture conditions in bioreactor.
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Further exploitation of the 3D culture system is needed to identify and harness metabolic signalling and supporting adaptive responses in mutated histiocytes, in the perspective of designing new therapeutic strategies for patients with ECD.
